Abstract: Complications involving the knee extensor mechanism and patellofemoral joint occur in 1% to 12% of patients following total knee arthroplasty and have major negative effects on patient outcomes and satisfaction. The surgeon must be aware of intraoperative, postoperative, and patient-related factors that can increase the rate of these problems. This review focuses on six of the most commonly encountered problems: patellar tendon disruption, quadriceps tendon rupture, patellar crepitus and soft-tissue impingement, periprosthetic patellar fracture, patellofemoral instability, and osteonecrosis of the patella. The goals of this report are to (1) review the relevant anatomy of the knee extensor mechanism, (2) present risk factors that may lead to extensor mechanism complications, (3) provide a diagnostic and treatment algorithm for each of the aforementioned problems, and (4) review the specific surgical techniques of Achilles tendon allograft reconstruction and synthetic mesh augmentation. Extensor mechanism disorders following total knee arthroplasty remain difficult to manage effectively. Although various surgical techniques have been used, the results in patients with a prior total knee arthroplasty are inferior to the results in the young adult without such a prior procedure. Surgical attempts at restoration of the knee extensor mechanism are usually warranted; however, the outcomes of treatment of these complications are often poor, and management of patient expectations is important. C omplications involving the knee extensor mechanism and patellofemoral joint are relatively common following total knee arthroplasty, with a reported prevalence of 1% to 12%
C omplications involving the knee extensor mechanism and patellofemoral joint are relatively common following total knee arthroplasty, with a reported prevalence of 1% to 12% 1 . Although the majority of these complications occur postoperatively, the surgeon must be aware of intraoperative, postoperative, and patient-related factors that may increase the risk of an extensor mechanism complication.
This review focuses on six of the most commonly encountered extensor mechanism complications: patellar tendon disruption, quadriceps tendon rupture, patellar crepitus and softtissue impingement, periprosthetic patellar fracture, patellofemoral instability, and osteonecrosis of the patella. A description of the epidemiology, risk factors, clinical presentation, and management options is presented for each of these complications. Although various surgical procedures have been attempted, the results in patients with a prior total knee arthroplasty are inferior to the results in the young adult without such a prior procedure. The goals of this report are to (1) review the relevant anatomy of the knee extensor mechanism and how it is affected by a total knee arthroplasty, (2) present risk factors that may lead to disruption of the extensor mechanism, (3) provide a diagnostic and treatment algorithm for each of the aforementioned Disclosure: None of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of any aspect of this work. One or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. No author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article.
complications, and (4) review the specific surgical techniques of Achilles tendon allograft reconstruction and synthetic mesh augmentation.
Anatomy of the Extensor Mechanism and Risk Factors for Disruption Following Total Knee Arthroplasty
T he extensor mechanism of the knee consists of the quadriceps muscle group, quadriceps tendon, patella, patellar retinaculum, patellar tendon, adjacent soft tissues, and tibial tubercle. The primary blood supply to the extensor mechanism is supplied by the descending genicular, superior and inferior medial genicular, and superior and inferior lateral genicular arteries and the recurrent branch of the anterior tibial artery. Depending on the surgical approach and soft-tissue dissection, all aspects of the blood supply to the extensor mechanism may potentially be compromised during total knee arthroplasty 1, 2 . A medial parapatellar arthrotomy is the most common surgical approach used in total knee arthroplasty and can potentially disrupt all of the medial vessels supplying the extensor mechanism (descending genicular and superior and inferior medial genicular arteries). In addition, excision of the lateral meniscus and infrapatellar fat pad can disrupt the inferior lateral genicular artery and the recurrent branch of the anterior tibial artery, whereas a concomitant lateral parapatellar release can compromise the superior lateral genicular artery (Fig. 1) . Pawar et al. performed preoperative and postoperative technetium-99m methylene diphosphate scans of seventy-two patients treated with total knee arthroplasty. Thirty-six of the patients required a lateral release intraoperatively, and the prevalence of transient patellar hypovascularity was 3.95 times higher in these patients 2 
.
Disruption of the extensor mechanism vascularity also limits healing capacity after a surgical repair or reconstruction.
Additional surgical factors that may increase the risk of extensor mechanism complications following total knee arthroplasty include poor patellar alignment 3, 4 and over-resection of the patella during patellar resurfacing; the latter increases the risk of iatrogenic damage to the quadriceps and patellar tendons, and it increases the risk of fracture if the anteroposterior dimension of the remaining bone is <12 mm 5 . Furthermore, prior surgical procedures such as a high tibial osteotomy or tibial tubercle osteotomy and the presence of patella baja due to infrapatellar scar tissue may increase the difficulty of exposure and the risk of iatrogenic damage to the extensor mechanism (Fig. 2) . Lastly, the presence of systemic disorders, including obesity, inflammatory arthritis, diabetes mellitus, and hyperthyroidism, as well as a history of chronic corticosteroid use or multiple corticosteroid injections, may increase the risk of quadriceps and patellar tendon rupture 6 . Patellar Tendon Rupture Prevalence P atellar tendon rupture is a relatively rare occurrence following total knee arthroplasty, affecting <1% of patients 1, 7 . 
The majority of ruptures occur at the tibial tubercle insertion; intrasubstance or infrapatellar avulsions are less common. Patients with major scarring and stiffness following a primary total knee arthroplasty and patients with multiple prior surgical procedures are at increased risk for this complication.
Clinical Presentation and Diagnosis
An intraoperative patellar tendon rupture typically occurs secondary to a difficult exposure in a stiff knee, often in a patient with patella baja. The most common mechanism of postoperative patellar tendon injury is a fall on a hyperflexed knee, although atraumatic rupture may occur secondary to repetitive contact or impingement of the patellar tendon on the polyethylene tibial insert 1 .
Patients with a patellar tendon rupture often present with pain, swelling, an extensor lag, inability to perform a straight leg raise, and a palpable infrapatellar soft-tissue defect. Diagnostic imaging includes standard anteroposterior and lateral knee radiographs, which often demonstrate patella alta (Fig. 3) 8 . An ultrasonographic or magnetic resonance imaging (MRI) study may aid in the initial diagnosis and also guide treatment options by indicating the quality of the remaining tissue.
Management and Surgical Techniques
Treatment options depend on the acuity and location of the injury, the quality of the remaining tissue, and the physiologic age and activity demands of the patient. Bracing may be used in patients with low functional demands, those with a partial tendon tear, and those who are poor surgical candidates, whereas arthrodesis may be considered if infection is present.
If a patellar tendon rupture occurs intraoperatively or in the immediate postoperative period, attempts at a direct repair using drill holes, staples, or suture anchors remain reasonable options 1, 9, 10 . However, in the presence of poor tissue quality, augmentation techniques should be used 10, 11 . It has been demonstrated that primary repair without augmentation resulted in high rates of deep infection, tendon rerupture, and extensor lag [9] [10] [11] . In the late postoperative or chronic setting, augmentation should always be used to supplement a repair.
Numerous augmentation options are available, including hamstring autograft, fresh-frozen or freeze-dried Achilles tendonbone block, extensor mechanism allograft (Fig. 4) , and a synthetic graft such as Marlex mesh (C.R. Bard, Murray Hill, New Jersey) [11] [12] [13] . Browne and Hanssen described a surgical technique using a knitted, monofilament polypropylene graft to reconstruct the patellar tendon and facilitate fixation of adjacent host tissue to the graft. Nine of thirteen patients possessed an extensor lag of <10°with preserved knee flexion, and improvements in the mean Knee Society scores for pain and function were significant (p < 0.01) 11 . Therefore, augmentation of a patellar tendon repair can improve clinical outcomes, especially in the setting of poor tissue quality or a chronic rupture. Lateral knee radiograph demonstrating the presence of patella baja resulting from a prior tibial tubercle osteotomy. Lateral knee radiograph of a patient who sustained a patellar tendon rupture with subsequent patella alta following a total knee arthroplasty.
Quadriceps Tendon Rupture Prevalence D obbs et al. performed a review of 23,800 total knee arthroplasties recorded in the Mayo Clinic Joint Registry and noted only a 0.1% prevalence of quadriceps tendon rupture 14 . Specific risk factors for this complication include systemic disorders, excessive resection of the patella, and a prior quadriceps snip or V-Y turndown 1, 6 . Clinical Presentation and Diagnosis Dobbs et al. reported that only nine patients sustained a quadriceps tendon rupture as a result of what would be considered a substantial traumatic mechanism, thus indicating the importance of a patient's predisposing risk factors 14 . As with a patellar tendon rupture, patients may present with an extensor lag or inability to perform a straight leg raise as well as a palpable defect. Standard imaging studies include anteroposterior and lateral radiographs, whereas advanced imaging such as ultrasonography or MRI can help to confirm the diagnosis.
Patients with a partial rupture of the quadriceps tendon can be successfully managed nonoperatively with immobilization of the knee in extension 14 . Unfortunately, surgical repair of a complete rupture of the quadriceps tendon has had limited success, with reported rerupture rates of 33% to 36% and overall rates of complications (including infection) of 33% to 100% 6, 14, 15 . As with a patellar tendon rupture, surgeons should strongly consider using augmentation techniques. Described augmentation options include the use of semitendinosus or gracilis autografts, synthetic grafts, and Achilles tendon or complete extensor mechanism allografts. On the basis of the poor results in their initial series of direct surgical repairs, Dobbs et al. currently recommend the use of augmentation in all cases of complete quadriceps tendon rupture 14 . A treatment algorithm for the management of quadriceps tendon rupture following total knee arthroplasty is presented in Figure 5 .
Patellar Crepitus and Soft-Tissue Impingement Prevalence P atellofemoral crepitus, or soft-tissue impingement, occurs following 0% to 25% of total knee arthroplasties and is highly dependent on the prosthesis design [16] [17] [18] . Risk factors include a posterior-stabilized total knee arthroplasty design, a femoral component with a shallow trochlear groove or with a sharp transition to the intercondylar region of the implant, and poor patellofemoral tracking 19 .
Pathophysiology
Patellofemoral crepitus is often caused by the development of synovial hyperplasia (a soft-tissue nodule) at the junction of the superior pole of the patella and the quadriceps tendon. This Proposed treatment algorithm for the management of quadriceps tendon rupture following total knee arthroplasty.
nodule engages the box of the posterior-stabilized femoral component with the knee in flexion, then causes a painful ''clunk'' when the knee is actively extended 19 .
Clinical Presentation and Diagnosis
Typically, patients present with symptoms within twelve months of the index procedure. They note a palpable patellofemoral clunk with active extension, typically at 30°of knee flexion 1 . This phenomenon is typically not observed in a stiff knee with limited flexion (as sufficient knee flexion is required for the soft-tissue nodule to engage the box of the femur) or during passive knee extension (as the clunk only occurs with active contraction of the quadriceps mechanism). Ultrasonography or MRI can demonstrate a suprapatellar soft-tissue nodule, but the diagnosis can often be made solely on the basis of the clinical examination.
Management and Surgical Techniques
Nonoperative management, including quadriceps strengthening and intra-articular corticosteroid injections, may be successful in up to 20% of patients, although most patients with an established patellofemoral clunk will require surgical treatment 1 . Excellent results have been reported following arthroscopic resection of the fibrous nodule, with 74% to 100% of patients demonstrating resolution of their symptoms (Fig. 6 ) [20] [21] [22] . In refractory cases or in the presence of substantial adhesions obscuring arthroscopic visualization, an open peripatellar synovectomy can be performed and has a high rate of success 1 .
Periprosthetic Patellar Fracture Prevalence
T he reported prevalence of periprosthetic patellar fracture following total knee arthroplasty ranges from 0.68% to 5.2% [23] [24] [25] [26] . Risk factors include resurfacing of the patella, especially with excessive resection; use of a patellar implant with a large central plug; and use of a metal-backed cementless patellar component 5, [27] [28] [29] . Combined femoral and tibial malrotation and overall mechanical malalignment in the coronal plane may increase the stress placed on the patella 3, 4 . Patient-related risk factors include a body mass index of >30 kg/m 2 and osteoporosis 26, 28, 30 .
Clinical Presentation and Diagnosis
Periprosthetic patellar fracture can occur secondary to direct trauma to the anterior aspect of the knee or because of eccentric contraction of the quadriceps mechanism, which typically causes an avulsion fracture. Patients will present with anterior knee pain, an effusion, difficulty walking on stairs, an extensor lag, and/or inability to perform a straight leg raise, depending on the integrity of the peripatellar retinaculum. The fracture can typically be seen on conventional anteroposterior, lateral, and skyline radiographs of the knee, although a technetium-99m bone scan may be useful to diagnose an occult fracture 31 .
Classification Systems
Several classification systems of periprosthetic patellar fractures have been reported 24, 32, 33 . Ortiguera and Berry proposed a system in which type I involves a stable implant and intact extensor mechanism, type II involves an intact implant but extensor mechanism disruption, and type III involves a loose implant, with patellar bone being good in subtype IIIa and poor in subtype IIIb 24 .
Management and Surgical Techniques
Key treatment considerations include the location and pattern of the fracture, the integrity of the extensor mechanism, implant stability, and the quality of the remaining bone stock. Ortiguera and Berry demonstrated excellent results with nonoperative management in thirty-seven patients with a well-fixed implant and an intact extensor mechanism following a periprosthetic patellar fracture, with only one late failure of nonoperative management. In twelve patients with extensor mechanism disruption, surgical repair of either the extensor mechanism or the fracture resulted in a 42% reoperation rate, 50% complication rate, and 58% prevalence of extensor lag postoperatively. Similarly, surgical management of patients with a loose patellar component resulted in a reoperation rate of 20% and an overall complication rate of 45% 24 . Several other series of periprosthetic patellar fractures have demonstrated similarly guarded results 5, 32 . Even with anatomic fracture reduction and reconstitution of the extensor mechanism, the rate of complications including nonunion, ipsilateral tendon rupture, secondary fatigue fracture, and infection remains high 1, 5, 24, 26, [30] [31] [32] 34 . A proposed treatment algorithm for the management of periprosthetic patellar fracture is presented in Figure 7 . 
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Patellofemoral Instability Prevalence
T he prevalence of patellofemoral subluxation or dislocation was as high as 27% in earlier series 1, 35 . However, with advances in surgical techniques and implant design, recent studies have indicated the prevalence to be <1% to 12% 7, 36 . Patient-related risk factors for patellofemoral instability include poor preoperative patellar tracking and a dysplastic trochlea. Femoral components with a shallow trochlear groove and without a lateral flange may also increase the likelihood of patellofemoral instability, as may component malpositioning. Lateralization of the patellar implant, ''overstuffing'' of the patellofemoral joint, internal rotation of the femoral or tibial component, and medialization of the femoral component can all increase the prevalence of lateral subluxation of the patella. It is essential that the surgeon intraoperatively assess patellofemoral tracking following component placement (with the tourniquet deflated) to assess the necessity of further softtissue balancing.
Clinical Presentation and Diagnosis
Patients often present with anterior knee pain, patellar malpositioning during knee motion, and, in some instances, an acute subluxation or dislocation event. Diagnostic imaging studies include standard anteroposterior, lateral, and Merchant view radiographs. A computed tomography (CT) scan may be useful to evaluate possible femoral or tibial component malrotation.
Management and Surgical Techniques
Poor outcomes are associated with nonoperative management of patellofemoral instability, including management by bracing and physical therapy. The most important aspect in the management of these patients is identifying the etiology, whether it is component malpositioning, overstuffing of the patellofemoral joint, soft-tissue imbalance, or a combination of factors. Surgical interventions aimed at treating the specific etiology are associated with the best outcomes 1, 6, 18, 37 . A summary of the possible causes of 
patellofemoral instability along with corresponding management options are presented in Table I .
Patellar Osteonecrosis Prevalence
T he reported prevalence of patellar osteonecrosis following total knee arthroplasty is approximately 1.4% 19 . As noted earlier, disruption of the extraosseous, anastamotic vascular ring surrounding the patella can occur during a standard medial parapatellar arthrotomy with a concomitant lateral parapatellar release. However, disruption of the blood supply is difficult to associate directly with the clinical occurrence of patellar osteonecrosis. Ritter and Campbell compared eighty-four total knee arthroplasties incorporating a lateral release with 471 procedures that did not require a lateral release and noted no increase in patellar osteonecrosis in patients who underwent a lateral release 38 .
Clinical Presentation and Diagnosis
Patients with patellar osteonecrosis may be asymptomatic, thus possibly contributing to underreporting of its true prevalence. However, patients with symptoms often present with anterior knee pain and they may have patellofemoral instability, depending on the degree of bone resorption or patellar component loosening. Patients can also present with a periprosthetic fracture secondary to osteonecrosis. The most useful diagnostic images are typically lateral and Merchant view radiographs, which demonstrate sclerosis, flattening, and fragmentation of the remaining patellar bone. An MRI or bone scan may assist in obtaining an earlier diagnosis.
Management and Surgical Techniques
The management of patellar osteonecrosis is based on the presence of symptoms and on patellar component stability. In asymptomatic patients, no intervention is required. However, with patellar fragmentation and component loosening, the decision regarding whether to revise the patellar component or simply remove the component along with loose osseous fragments depends on the remaining bone stock. It is important to preserve as much of the remaining bone stock as possible to improve the competency of the extensor mechanism, although the clinical outcomes of surgery are guarded, as with all of the aforementioned complications.
Achilles 39 . This section will briefly review the steps in use of an Achilles tendonbone block allograft and augmentation with a synthetic mesh for a patellar tendon disruption following total knee arthroplasty.
Use of an Achilles tendon-bone block allograft may be considered in patients in whom the patella is intact and its inferior pole can be brought down to within 2 to 3 cm of the joint line 12 . A small burr can be used to make a 2.5-cm long, 1.5-cm wide, and 1.0-cm deep tibial trough that is slightly distal and medial to the tibial tubercle. The allograft-calcaneal bone block is trimmed and dovetailed to help prevent proximal migration, and three 16-gauge wires are placed through drill holes in the tibia to fix the allograft to the host tibia (Fig. 8) . The proximal portion of the allograft is secured on both sides with heavy, nonabsorbable sutures in a Krackow fashion, resulting in four proximal strands of suture 42 . The Achilles tendon itself can then be divided and passed through the extensor mechanism in a figure-of-eight fashion, sutured back on itself, and tensioned in full extension. 
Alternatively, the allograft can be passed through a slit in the posterior retinaculum (posterior and lateral to the host patellar tendon remnant), then pulled proximally anterior to the host patella ( Fig. 9 ) and tensioned proximally in full extension 41 . Finally, the host quadriceps is sewn over the allograft.
Browne and Hanssen initially described the use of a synthetic mesh (knitted monofilament polypropylene, Fig. 10 ) for reconstruction of a patellar tendon disruption following total knee arthroplasty 11 . In this technique, a synthetic graft is fashioned by folding a 10 · 14-in (25.4 · 35.6-cm) sheet of mesh and securing it with heavy, nonabsorbable sutures. A burr is used to make a trough in the anteromedial aspect of the host tibia to accept the mesh graft. The graft is inserted into the tibial trough and secured with polymethylmethacrylate cement and a transfixion screw with a washer. A portal is made in the lateral soft tissues to allow delivery of the graft from deep to superficial. The patella and quadriceps tendon are mobilized and advanced to restore the appropriate patellar height, and suture is used to secure the graft to the lateral retinaculum, vastus lateralis muscle, and quadriceps tendon. The vastus medialis muscle is mobilized to advance in a pants-over-vest manner over the mesh graft and is secured with suture. The distal arthrotomy is closed tightly to completely cover the mesh graft with host soft tissue. A video of this procedure is available with the online version of the original article by Browne and Hanssen at jbjs.org (http://dx.doi.org/10.2106/JBJS.J.01036) 11 .
Conclusions
C omplications involving the knee extensor mechanism following total knee arthroplasty can be difficult to manage. Nonoperative management may be an option for patients with asymptomatic osteonecrosis of the patella, a stable patellar fracture, or a partial quadriceps or patellar tendon tear. A notable number of patients with complete disruption of the extensor mechanism will require surgical interventions, which have had mixed results. Complications following reconstruction of the extensor mechanism include rerupture, postoperative infection, and persistent extensor lag. Patients should be counseled regarding the severity of their problem, and their expectations should be managed appropriately. n 
